This paper presents an algorithm and architechture to enhance the performance of a mobile telemedicine system using the existing multimedia messaging service (MMS). With the proposed algorithm, the capacity of the MMS can be increased so that the mobile telemedicine system is able to send and receive a large content of multimedia messages using mobile phone devices which is not possible with the conventional MMS. This paper also presents the complete architechture of the mobile telemedicine system which can form the basis for building a practical mobile telemedicine system. The experimental results demonstrate that the proposed algorithm outperforms the conventional MMS with regard to the file size that can be transmitted without degrading the quality of the data which is important for medical diagnosis in a telemedicine environment.
INTRODUCTION
Multimedia Messaging Service (MMS) is a rich content and mobile message sending system that not only sends text messages but also sends image, animation, video and combination of them. Theoretically, the MMS can transmit data up to 300 KB depending on the cellular service provider and MMS feature on mobile phone (Bodic, 2005) . Almost all of the cellular service providers provide the MMS facilities. They use different bearer technology, such as network and system specification, which influence the capability of the MMS to transfer data. Many service providers use general packet radio service (GPRS), which can transmit data up to 115 Kbps and some of them use universal mobile telecommunications system (UMTS) with a speed of 384 Kbps (Bodic, 2005; Setyono, Alam, & Al-Saqour, 2009) . They also have different maximal data size for sending multimedia messages to mobile phone number and email server, and it is in the range of 50 -100 KB (Setyono et al., 2009; Bodic, 2003) . Currently, the MMS is widely used for exchanging greeting cards, audio and video recordings, exchanging photographs and so on. The MMS can also be used for developing mobile monitory system, streaming audio and video (Bodic, 2003) , mobile commerce (Daniel, 2004) , information system (Jari, 2004) , telemedicine system (Bernard et al., 2011), etc. Telemedicine field is one of the research areas of biomedical engineering that needs multidisciplinary technologies such as, electronics, computer, telecommunications, transfer protocol, medical procedures, etc. (Yoke et al., 2006) . The telemedicine is a part of telehealth, which relies on telecommunication systems to interact with and monitor patients at distance (Asadullah et al., 2008) . A telemedicine system serves as an effective tool to enhance the quality of health care service remotely (Ashraf, 2008) . The telemedicine system in general uses a high level of technology and therefore it requires a huge amount of money to provide the necessary hardware and software (Yoke et al., 2006) .
Conventional telemedicine system using public switched telephone network (PSTN) land lines are already available to enable a doctor to monitor a patient remotely for home care or emergency applications. In recent years, many telemedicine applications are employing mobile technologies, such as mobile telemedicine using MMS (Asadullah, 2008; Ashraf, 2008) , WAP (Kevin & Yuan, 2003) , 3G network (Yuechun & Aura, 2004; Polley et al., 2006) , etc. The telemedicine applications can also be developed using radio frequency identification (RFID) technologies and wireless sensor networks (WSNs) (Yang & Hui, 2008) . This paper presents a system to show how the existing MMS capacity can be increased to build a mobile telemedicine system (MTS) using Java 2 micro edition (J2ME) technology. This paper also presents the whole architecture, algorithm and application of the MMS for the MTS. The benefits of the proposed technique are: (i) It provides a viable solution to send large amount of data exceeding the limit which is currently not possible with the existing MMS technology. (ii) It preserves the quality of the image that is transmitted which is essential for medical diagnosis in a telemedicine environment. (iii) It provides a secured scheme to transmit medical data. (iv) It provides a basis for building a practical telemedicine system
The remaining part of the paper is organized as follows: Section 2 discusses methods of the research. Results of the research are presented in Section 3. Discussions are presented in Section 4 and conclusion and future work are presented in Section 5.
METHODS

Review of the Mobile Telemedicine System
There are several types of mobile telemedicine technologies, including wireless local networks (WLANs), mobile ad hoc networks (MANETs), wireless personal/patient networks (WPANs), third generation (3G) cellular phone technologies, radio frequency identification (RFID) technologies and wireless sensor networks (WSNs) (Yang & Hui, 2008) . There exist different categories of the telemedicine systems such as teleconsultation, telediagnosis, telecare, remote clinical sessions and teleeducation, remote data access, telecardiology, home care and telemonitoring. The main objective of the telemedicine system is to enable remote health care support (Bernard et al., 2011) , which gives access to existing information related to health, social care, and other general issues. In general, telemedicine offers the reduction of health-care cost, an easy way to access to health services, an easy cooperation among health professionals and an improved quality of health care.
There are several advantages for using MMS technology compared to the current smart phones like iPhone and Google Android phones. Some of the advantages are as follows:
(i) MMS uses GPRS network whereas smart phone require at least UMTS to connect to the internet (web-based services). (ii) MMS needs lower bandwidth compared to smart phones. (iii) MMS needs ordinary mobile phones with lower cost whereas smart phones are more expensive. (iv) MMS can cover remote areas using GPRS network whereas smart phones can access internet only very slowly using GPRS and it is impossible to upload large size files. (v) MMS uses prepaid service whereas smart phones require operator subcribed service. (vi) MMS is less expensive to send messages compared to smart phones. (vii) MMS data is more secured and also protected from unauthorized user compared to sending data through smart phones. (viii) Almost all of the existing mobile phones have MMS feature where MMS application can also be installed on the smart phone, so the data can be displayed by using wide screen.
We propose a complete architecture of the telemedicine system, an algorithm for sending large quantity of data and an application of MMS for a mobile telemedicine system. The existing MMS framework that is available in the market is using the resizing technique for sending large multimedia files (OMA, 2005; Nokia, 2007) . The application of the system is built based on a modified MMS framework. The modification is essential because the existing MMS framework is unable to transfer a large amount of data to a physician for effective diagnosis. Resizing the data is a possible way to use the existing MMS framework but it is not useful for diagnosis purposes as it affects the quality of the data considerably. The standard of a mobile phone service provider does not specify the maximum size of the multimedia message for the MMS. Nokia foresees initially that the MMS messages would be between 30 KB and 100 KB in size (Nokia, 2007) . Actually, MMS can send multimedia packet data up to 300 KB (Bodic, 2005) . However, this capacity also will not be sufficient for medical data transmission without any additional processing. To solve this problem, in the proposed method we implement compression and split techniques on the data on the client side and merging and decompression techniques on the server side.
Proposed Development
To develop a mobile telemedicine system, several problems need to be resolved. They are: sending multimedia message (MM) with larger data size, maintaining the quality of data during transmission, MM data retrieval (download) from a mobile phone and email server, receiving MM on computer server, storing MM data into the database server (MySQL), data security and finally, implementation of MMS framework for Internet application. The developed system uses open source software MySQL for database server. The advantages of MySQL are that it can be run on more than one operating system and it is also fast in executing Structured Query Language (SQL) commands. These problems will be solved in detail as the research works. We have performed research work to design mobile telemedicine system in previous work (Setyono, Alam, & Al-Saqour, 2010) . We used split and merge techniques to solve the large data transmission on the mobile network with short discussion. In this research, we develop the proposed design using compression and splitting for pre-processing on the mobile phone then merging and decompression for post-processing on the computer server. Besides that, we implement the proposed design to prove algorithm and make evaluation in detail whether the system can be run well or not.
In this research, our first focus is how to perform data compression and splitting on a mobile device using J2ME and send it to the mobile phone and email server. Developing an application on micro devices is fairly a complex problem. We should have a clear idea about the standards used in MMS, as MMS allows only one delivery in a single package where there is a message header and content. If a split file is sent as different packets, the MMS center at the receiving side should be able to recognize the packets belonging to the same source file.
Architecture
The proposed architecture of the mobile telemedicine system is shown in Figure 1 . This figure explains how the nurse at patient's home can send patient's information, such as symptoms of illness, picture of wound, voice or video of patient to the doctor in the hospital. The information can also be sent through email system in the form of multimedia content. The data obtained from the mobile phone number or from the email server is converted into a format which is suitable for storing in a database in the server. In this research, MySQL will be used.
It also updates the MM contents automatically. This database will be very useful as it can be used for diagnosis or for any research Internet application later. The developed system is appropriate to be implemented for a small hospital or clinic that has an independent database. All the patients' records are assumed to be stored on the database server.
After receiving the patient data from the server, the telemedicine system stores the data in the database. The doctor can analyze the patient's data for diagnosis. Once the diagnosis is completed, the database is updated with the results of the diagnosis which is subsequently stored in the MySQL database. The system will also automatically send the diagnostic results to the nurse at the patient's home through mobile phone number or email server based on the available communication system. The nurse, who is at the patient's home, can communicate and consult with the doctor for further clarification using SMS, phone, or chat facilities of GPRS/UMTS. The proposed architecture can be developed again like shown in Figure 2 . 
Algorithm
The main algorithm of the system is shown in Figure 3 . From this figure we can see that there are two components of the system: one component is used for the client side and the other is used for the server side. The client is a form of mobile device (mobile phones, PDAs), where several stages of the process such as compression, splitting and sending a multimedia message are completed using the MMS technology. At the server side, a computer server is equipped with an email server and a mobile phone or a modem as a gateway to receive multimedia message from the client and several stages of the process such as downloading, merging, decompressing and storing of the data in the database server are performed.
Huffman's algorithm is a lossless compression algorithm. This algorithm is good for binary and multimedia files (Linawati, 2004; Mamta, 2010) . From the literature review, we note that Huffman's algorithm gives nearly the same results for all data types (Mamta, 2010) . Therefore, we choose Huffman coding algorithm for developing the mobile telemedicine system because it is suitable for multimedia file. The flowchart of the algorithm for sending the multimedia messages is shown in Figure 4. 
Compression Technique
In general, a data compression technique consists of two major activities, namely modeling and coding. In Huffman coding, symbols that often appear will be transformed into a code with small number of bits, while the less frequent will be a code with large number of bits (Nelson & Gailly, 1996) . Building a static Huffman table for each file to be compressed has its own advantages. Tables are uniquely adapted to the specific file, so that it can provide better compression than the universal table (Nelson & Gailly, 1996) . Static Huffman coding is used in this research. The block diagram of the static Huffman model is shown in Figure 5. 
Split and Merge Techniques
Multimedia messages are structured as multipart messages which contain various media objects. The link between MMS client and the MMS Figure 2 . Proposed architecture of the mobile telemedicine system in detail center often has bandwidth limit and therefore, multimedia messages are usually binaryencoded for efficient transfer over this link (Bodic, 2005) . A multimedia message consists of an envelope also known as message header and message contents which are encapsulated in message body parts. The MMS protocol data units (PDUs) consist of MMS headers and message body coded with multipurpose internet mail extensions MIME multipart technique (Bodic, 2005) . The body can contain any type of contents. The MMS headers contain MMS specific information about the message, mainly how the message will be transferred from the originator to the recipient (Simo et al., 2003) . The wireless session protocol (WSP) content type application/vnd.wap.mms-message provides a good example to show how multimedia content and presentation information can be encapsulated to a single message (OMA, 2005) . The fields on MMS header for a message delivery are: notification, retrieval, report and acknowledge. These are defined fully on multimedia messaging service encapsulation protocol document (OMA, 2005) . Message contents of MMS consists of texts (UTF-8, UTF-16), images (JPEG, GIF, WBMP, PNG), audio (AMR, MP3, MIDI) or video (3GP, MPEG-4) (Bodic, 2005) .
A. Model Design: Though, theoretically, the MMS can send multimedia messages up to 300 KB, in the real world, almost all of the cellular service providers provide only 100 KB capacity (Setyono et al., 2009; Bodic, 2003) . We have to face difficulties to send messages larger than this upper limit size.
To solve this problem, we develop an algorithm to divide the original file into several smaller files. This method can be used to build a telemedicine system, where patient or nurse can send multimedia message to a doctor in the hospital and then the doctor can diagnose the patient's information. The basic idea of the algorithm is shown in Figure 6 . Applying the same technique, similar kind of internet applications, like mobile commerce, mobile learning and mobile ticketing can be built. The MMS packages the message suitable for the MIME type and encodes to a binary message. Here, we split the original message file into several files in order to send a large message. The splitting method is employed if the original file size (OFS) is larger than the maximum capacity (MC) permitted. If M = OFS/MC, the number of split files N is given by
Let the original image be of size (w x h) where w and h denote the width and height of the image respectively. Then the size of each of the N split images will be equal to {w x (h / N)}. The algorithm of the splitting technique is shown in Figure 7 .
Figure 4. Flowchart of the algorithm for sending MMS
The downloaded messages are merged and decompressed on the server and stored into the database. The database can also be used for other types of internet applications. The first step of the merging process is reading data size of the original message. All the split files belonging to the same original message are stored with the same file identifier inside the database. When the total size of the stored split files is equal to the original data file size, all the split messages in the same folder will be merged into a single file and decompressed before storing into the database.
Application
Client Applications
Mobile phones are used as mobile client devices and as the MMS gateway. The mobile client devices are used to send and receive mulitmedia messages. The MMS gateway is used to receive multimedia message from and to mobile client before reaching the server. To develop the mobile system using MMS technology, we use NetBeans 6.9 as editor and emulator. Java 2 Micro Edition (J2ME) is used for client application. In the client application, two techiques, compression and split, are used to reduce and decompose the multimedia message file before sending it to the server. To overcome the failure of delivery, the application notifies the user that the data transmission failed and should be repeated again. Similarly, if the data is sent successfully to the server and stored in the database, the system sends a notification that the data is stored in the database successfully. This ensures that the doctor does not diagnose the patient with an incomplete information.
This application is developed to achieve the goal that the health services are provided at a longer distances from the hospital so that the load of the hospital is reduced. There are many benefits offered by the mobile telemedicine system to the patient. GRPS or UMTS network provided by the service provider is a pre-requisite to use this application. In developing this mobile telemedicine system, we integrate client and server applications. This will simplify the telemedicine process, and the doctor will get information using SMS that the message successfully sent and stored into database automatically.
Server Applications
The mobile telemedicine system needs a server to connect with an internet network. Besides that the system needs an email server to receive the message. To develop applications on the server, we intend to use Java 2 Entreprise Edition (J2EE). These applications include data retrieval from the mobile phone and email server, storing the data into the database server and implementing a few telemedicine applications, such as data retrieval and information update by the doctor, sending an automatic message to the nurse/patient by the system, etc. The user interface of the existing applications on the server enables the doctor to perform diagnosis based on the patient's data received via mobile devices in the form of multimedia Nelson, 1996) messages from the nurse in the remote location. User interface for the server application will be made as user friendly as possible. It is necessary that a doctor can use this system smoothly. There will be a notification system to notify the doctor that the information is incomplete. The incomplete information will not be stored into the database.
RESULTS
Implementation
Our target is to implement the developed system in a hospital. It is also expected that the implemented system will have a broader scope, such as wide hospital network that can access the patients' history. Some other health related organizations will also be connected with this network. This part of the research work is under investigation. Figure 8 shows the basic architecture of the proposed mobile telemedicine system.
The steps involved in the basic architecture of the mobile telemedicine system (Figure 8 ) are explained below:
(1) Sending multimedia message from mobile phone sender (user, nurse or patient).
to mobile phone or email server (on the receiving side). (2) Connecting mobile phone and email server with computer server using data cable or Bluetooth. (3) Downloading or retrieving multimedia data from mobile phone and email server using Object Exchange (OBEX). (4) Storing the downloaded data from mobile phone and email server receiver to the database server using SQL commands. (5) Retrieving data from database server for the use of internet applications (e.g., telemedicine). (6 -8) Sending data from computer server to user by using internet applications. Figure 6 . Design algorithm for splitting and merging multimedia message (Setyono et al., 2010) The clarification of the simulation results are given below: (a) Display for setting an inbox (storing the message on the mobile device). (b) User interface for sending MMS, there are subject, destination and messages. (c) File (image) that will be sent. (d) Selecting a file that will be sent. (e) The information in the form of notification that the file is more than 30 KB. We use 30 KB size limit because the MMS can send data of max 30 KB size only using the Java applications on a mobile phone. We are studying to overcome this problem. Figure 10 shows the implementation results of compression. We display the original file and compressed file.
Simulation for Sending MMS
State of the Art
In this research, we have developed the architecture, algorithm and application of MMS as a new framework to enhance the ability of MMS in message delivery. As we know that MMS is a mobile messaging system that has evolved from the development of short message service (SMS) and enhanced messaging services (EMS). MMS will be developed continuously. Open Mobile Alliance (OMA) has been issuing releases regarding MMS updates. MMS version 1.3 was released on January 2008 which allows the MMS to transmit data up to 600 KB for every sending (OMA, 2008) . Manufacturers of mobile phones are starting to use the MMS version 1.3 in the development of new mobile phone products. Along with the advancement in information technology and communications, MMS is being developed to help and facilitate the human needs. In implementing the mobile telemedicine system, security issues need greater attention. This is because of the fact that this system is a client-server application, with the client on the mobile network and server on the internet network. Both networks are connected to build an integrated mobile telemedicine system. 
DISCUSSION
This paper presents the MMS applications for a mobile telemedicine system using a mobile phone device. Through the research work, it is shown that how a mobile phone device with many limitations can be used to install an application on it. On the mobile phone device, the compression technique can run smoothly and it can also split data for multimedia message transmission. All these tasks are easy for a computer but not for a mobile phone device. As already mentioned with the existing technology, the MMS cannot send data greater than 300 KB in size (Bodic, 2005) . In majority of the Asian countries the maximum MMS capacity is still lower than this limit and it is around 100 KB only at a single delivery (Setyono et al., 2009) . With this research, we expect that the modified and enhanced MMS can provide an alternative way for sending a large quantity of data, so that the recipient can receive the original large size data without any degradation in the quality. A comparison of the characteristics of the existing Figure 9 . Simulation for sending multimedia messages and the enhanced MMS applications is shown in Table 1 .
The mobile applications have been developed using J2ME on the mobile devices, like mobile phones which have limitations in processing the large data. Java libraries allow only 30 KB as maximum data to be sent in a single delivery. We have conducted several experiments to evaluate the compression and splitting performances on the mobile device. The image Table 2 .
In Table 2 , column 1 gives the quality factor used for compression. Columns 2 and 3 give the times in ms for compression and decompression processes without using splitting technique. Columns 4 and 5 give the times (ms) when the combination of compression and splitting is adopted. Columns 6 and 7 give the times (ms) when the combination of splitting and compression is adopted. It may be noted that columns 2, 4 and 6 represent the processes on the sender side and columns 3, 5 and 7 represent the processes on the receiver side.
We perform measurements of the image quality before and after transmission using peak signal to noise ratio (PSNR). We use the mobile communication network provided by the operator. PSNR is the most commonly used measure for determining the difference between the qualities of two images. The signal in this case is the original data, and the noise is the error introduced by compression. Figure 11 shows the PSNR between the source and compressed We can see visually the compression result that has been done on the mobile phone. Figure  12 shows the actual images corresponding to the source and compressed files. Figure 13 and Figure 14 show respectively the PSNR and the actual source and decompressed images. We note from Figure 13 that the PSNR value between the source and the decompressed files remains above +30 dB which is the threshold value for medical diagnosis applications. We make some experiments to measure the image quality (PSNR) without compression for single and split-files without compression and also cropping files before and after sending are IDENTICAL.
In the simulation section, it has been shown that the proposed MMS application can implement the compression and split processes on the mobile device for sending large sizes of multimedia messages. It should be noted here that the selection of the mobile phone device plays a vital role for the development of the MMS applications. This is because the proposed application has been developed using mobile information device profile (MIDP) 2.0, connected limited device configuration (CLDC) 1.0 and Java version JP 8_4_4, whereas many mobile phones use different versions. So we must ensure that the mobile phones have these features.
In effect the proposed mobile telemedicine system will yield the following benefits: (i) with the developed system, a patient can consult with a doctor while living in a remote area, (ii) the doctor can diagnoses the patient's information using a better quality of data without visiting the patient physically, (iii) the system will also automatically send the diagnostic results to the nurse at the patient's home through mobile phone or email server based on the available communication system and (iv) the nurse, who is at the patient's home, can communicate and consult with the doctor for further clarification using SMS, phone, or chat facilities of GPRS/ UMTS.
CONCLUSION AND FUTURE WORK
This paper has presented a novel technique to improve the ability of the existing MMS for sending and receiving a large quantity of multimedia message. This is achieved by implementing compression and split techniques on the mobile phone and merging and decom- pressing techniques on the server computer. The compression technique is used to reduce the file size and the splitting technique is used to break the original file into smaller files according to the limitation of the MMS. The simulation results show that the proposed method can be successfully implemented to send large amount of data using MMS application and also maintained quality of data between before and after transmission. It is proved by PSNR values are more than +30 dB. This feature is particularly useful for telemedicine applications. With the developed system, a patient can consult with a doctor while living in a remote area. The doctor also diagnoses the patient's information using a better quality of data without visiting Figure 13 . PSNR between source and decompressed files Figure 14 . Comparison between the source and the decompressed images the patient physically. For future work, we will attempt to enhance the proposed MMS framework for mobile environment by implementing new techniques such as masking, cropping and streaming.
